In the current treatment of patients with atherosclerotic coronary artery disease, percutaneous coronary intervention (PCI) or percutaneous transluminal coronary angioplasty (PTCA) is employed.
Although several classes of synthetic drug have been administered to prevent restenosis after PCI, 3) no drug has been found to reduce the incidence of restenosis.
The intimal thickening model in rat carotid artery injured by balloon endothelial denudation is considered to have pathological characteristics similar to restenosis after PCI in humans. 4) Recently, we have reported the inhibitory effects of a traditional Chinese formulation, Chaihu-jia-Longgu-Mulitang in Chinese and Saiko-ka-Ryukotsu-Borei-To (SRB) in Japanese, on intimal thickening in carotid arteries injured by balloon endothelial denudation in rats fed a normal diet. 5) Hypercholesterolemia has been identified as one of the risk factors in the onset and progression of restenosis after PCI and atherosclerosis. 6) Therefore, in this study, we examined the inhibitory effects of SRB on intimal thickening in a similar experiment in cholesterol-fed rats and compared the effects with those of the hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitor simvastatin (SV). 7) To clarify the mechanism of the inhibitory effect of SRB, the number of VSMCs labeled with antiproliferating cell nuclear antigen (PCNA) antibody (PCNA labeling index) in the intimal area was examined. SV was purchased from Banyu Pharmaceutical Co., Ltd. (Tokyo, Japan). PCNA monoclonal antibody (PC-10) and the biotinylated anti-mouse secondary antibody streptavidineconjugated peroxidase were purchased from Dako Co., Ltd. (Kyoto, Japan). All other chemicals and solvents were of analytical grade.
MATERIALS AND METHODS

SRB and Other Reagents
Cholesterol-Fed Rats Male Wistar rats (13 weeks old, 340-360 g, Sankyo Laboratory Service, Tokyo) were fed a normal diet (Powdered CE-2, CLEA Japan, Tokyo) containing 1% cholesterol and SRB extract (375, 750, 1125 mg/kg daily, nϭ8) for 3 d before and then for 7 d after the injury. SV (0.83 mg/kg daily, nϭ8) was suspended in 0.5% carboxymethyl-cellulose sodium salt (Sigma) and administered orally though a gastric sonde during the same period. The doses of SRB 750 mg/kg and SV 0.83 mg/kg are 10-fold higher than the common human daily dose.
Balloon Endothelial Denudation of Carotid Artery Balloon endothelial denudation of the left carotid artery in rats anesthetized with pentobarbital was performed according to our previous method. 5) All animal experiments were carried out in accordance with the Guidelines of the Animal Care and Use Committee of Toyama Medical and Pharmaceutical University as approved by the Japanese Association of Laboratory Animal Care.
Intimal Thickening, Intimal Area/Medical Area and Stenosis Ratios The left carotid artery sections 7 d after denudation were evaluated histologically using the National Institutes of Health (NIH) image analysis system according to our previous method.
5) The increased intimal thickening was assessed by the intimal area/medial area (I/M) ratio and the stenosis ratio (%): (intimal area)ϫ100/(intimal areaϩlu-minal area).
PCNA Labeling Index
The PCNA labeling index 7 d after denudation was also calculated using immunohistochemical analysis according to our previous method. 5) Briefly, left carotid artery sections prepared in the same way as for histological analysis were treated with unmasked PCNA and incubated with a monoclonal anti-PCNA antibody. The primary antibody was localized by incubation for 4 h with a biotinylated anti-mouse secondary antibody, followed by streptavidin-conjugated peroxidase, and visualization using 3,3Ј-diamino-benzidine chromogen solution. Sections were counterstained with Mayer's hematoxylin and the number of brown-red labeled nuclei within the vessel layer was counted to evaluate the PCNA labeling index (%): (number of PCNA-positive VSMC in the intimal area)ϫ100/(total number of VSMC in the intimal area).
Serum and Liver Lipids Serum lipids were examined in blood samples collected from the abdominal aorta 7 d after denudation. Samples were separated by centrifugation and serum was stored at Ϫ80°C prior to analysis. The total cholesterol (TC), high-density lipoproteincholesterol (HDLC), and lipid peroxides (LPO) were determined using commercial assay kits (Cholesterol E-Test Wako, HDL-CholesterolTest Wako, and lipid peroxides-Test Wako, Wako Pure Chemical Industries, Ltd. Osaka, Japan). Low-density lipoproteincholesterol (LDLC) was measured using the reported method.
8) The same kits used for serum lipid analysis reagents were used to determine TC in liver, which was quickly removed from the rats 7 d after denudation, weighed, and frozen. The extraction of lipids from the liver was carried out according to the reported method.
9)
Statistical Analysis
The results are shown as the meanϮS.D. of the number (n) of experiments. Statistical analysis of difference was determined by a one-way and multiple comparison test analysis of variation (ANOVA). Differences were accepted as statistically significant at a p value of Ͻ0.05.
RESULTS
Body Weight and Food Intake
No noticeable changes in body weights 7 d after denudation could be detected in the control and each treatment group (normal diet-fed control rats, 364.5Ϯ3.9 g; cholesterol-fed control rats, 370.9Ϯ4. In the cholesterol-fed control rats, the intimal thickening of the injured carotid artery was more extensive (pϽ0.05) than that in the normal diet-fed control rats (denuded) (Fig.  3) . The increase in the intimal thickening after balloon endothelial denudation was dose dependently and significantly (pϽ0.05) reduced by oral administration of SRB. Furthermore, the increase in the I/M and the stenosis ratios of the cholesterol-fed rats were dose dependently reduced by SRB (Fig. 4) . In particular, SRB at 10 and 15 times the human daily dose significantly (pϽ0.05) inhibited the I/M and stenosis ratios compared with those in the cholesterol-fed the serum TC, HLDC, LDLC, and LPO levels did not change significantly during the experimental period (data not shown). The serum TC and LDLC levels in the cholesterolfed control (denuded) group for a total of 10 d of feeding were significantly (pϽ0.05) increased compared with those in the normal diet-fed control group. There were no significant differences in serum HDLC and LPO levels between the two control groups. As shown in Fig. 6 , SRB reduced the serum lipid levels in a dose-dependent manner and significantly (pϽ0.05) reduced TC levels at a dose 15 times the human dose. SV reduced significantly (pϽ0.05) reduced serum TC and LDLC levels at a dose 10 times the human dose.
The liver TC level (5.73Ϯ0.5 mg/liver g) in the cholesterol-fed control group was significantly (pϽ0.05) higher than that in the normal diet-fed control group. SRB also reduced the TC level in a dose-dependent manner and significantly (pϽ0.05) reduced it at a dose 15 times the human dose (TC: 4.87Ϯ0.1 mg/liver g). SV at 10 times the human dose significantly (pϽ0.05) reduced TC (5.24Ϯ0.2 mg/liver g) levels.
DISCUSSION
Our previous study indicated that SRB inhibited the intimal thickening and VSMC proliferation of carotid artery injured by balloon endothelial denudation in rats fed a normal diet. 5) Since hypercholesterolemia is the major risk factor for ischemic coronary artery disease and atherosclerosis, we investigated the inhibitory effect of SRB on intimal thickening in cholesterol-fed rats in this study. SV, an HMG-CoA reductase inhibitor, was used as the reference compound, which has been reported to inhibit intimal thickening 10) and VSMC proliferation. 7) In the present experiment in rats fed cholesterol for 3 d prior to balloon ehdothelial denudation and then for 7 d after the injury, marked intimal thickening was observed compared with that in rats fed a normal diet (Figs. 2, 3) . Seven days after denudation, SRB reduced the intimal thickening in a dose-dependent manner. SRB at 10 and 15 times the human dose significantly (pϽ0.05) reduced the increase in the I/M and stenosis ratios (Fig. 4) . The inhibitory effect of SRB (10 times the human dose) on the increase in the stenosis ratio in the cholesterol-fed rats (68.6Ϯ9.8% of control) was significantly (pϽ0.05) greater than that in the normal diet-fed rats (74.9Ϯ7.4% of control). It was confirmed that the potency of SRB in inhibiting the increase in intimal thickening in the cholesterol diet-fed rats was much greater than that in the normal diet-fed rats. These inhibitory effects of SRB are comparable with that on the size of acute myocardial infarction in a swine model.
11)
SRB also significantly (pϽ0.05) reduced the number of VSMCs immunoreactive with anti-PCNA antibody in the intimal area in a dose-dependent manner (Fig. 5) . The number of PCNA-positive cells was used as an index of VSMC proliferation in injured carotid artery. 12) One of the mechanisms by which SRB inhibits intimal thickening was found to be its inhibition of VSMC proliferation. The inhibitory effects of SRB on VSMC proliferation in the present in vivo experiment were comparable with those found previously in in vitro experiments.
13) The inhibitory effect of SRB (10 times the human dose) in the cholesterol diet-fed rats (77.9Ϯ4.3% of control) on the increase in the PCNA labeling index was similar to that in the normal diet-fed rats (73.7Ϯ6.2% of control).
In comparing the inhibitory effects of SRB and SV at 10 times the human dose, SRB inhibited the stenosis ratio and PCNA labeling index slightly (pϽ0.1) more than SV, but there was no statistically significant difference between them. The suppressive effect of SV on the medial area is distinct from that of SRB, although more experiments are needed to clarify the difference. Although clinical treatment with SRB significantly reduced serum TC and LDLC levels in diabetic patients, 14) it only slightly decreased the serum and liver lipids levels in this experiment (Fig. 6) . The lipid-reducing effects of SRB were weaker than those of SV, which significantly (pϽ0.05) reduced serum TC and LDLC levels. These results suggest that the suppressive effect of SRB on intimal thickening does not depend on the lowering of lipid levels, but is due to its inhibitory effect of VSMC proliferation.
The pathological processes of the intimal thickening and restenosis after PCI are summarized in Fig. 7 . According to evidence published in the literature, the inhibitory effects of SRB on platelet aggregation and inflammation might influence its suppressive effect on intimal thickening. Thus it is reported that activated platelets and their growth factors are one of the initiators in the development intimal thickening after denudation. 15) SRB has been shown to reduce activated platelet levels in patients with hyperlipidemia, 16) and it contains Scutellariae Radix, 17) Cinnamomi Cortex, 18) and Ginseng Radix, 19) which inhibit platelet aggregation. This inhibitory effect of the crude drugs in SRB against platelet functions may, at least in part, contribute to the suppression of intimal thickening.
Furthermore, restenosis after PCI is considered to arise from chronic inflammation of the injured intima. 20) Therefore, antiinflammatory crude drugs such as Bupleuri Radix 21) and Scutellariae Radix 22) contained in SRB may contribute to the suppression of intimal thickening. The antiinflammatory action of SRB appears to differ from the pharmacological properties of SV.
Clinically, SRB has been shown to improve the symptoms of chest discomfort, insomnia, and palpitation in Japanese patients with hypertension. 23) These psychoneurotic symptoms are similar to those in patients with atherosclerotic coronary artery disease and are known as Qi-zhi and Xue-yu (Ki-tai and Ketsu-o in Japanese) in the traditional Chinese diagnosis. SRB is considered to regulate Qi-zhi, which is vital energy stagnation caused by overthinking, anxiety and emotional stress, and depression in patients with coronary artery disease. Although the pharmacological effects of SRB on Qi-zhi are not yet clear, the present results with SRB correspond to the removal of Xue-yu, which is blood stasis usually caused by sluggish circulation and corresponds to certain conditions in modern medical syndromes as "the deadly quartet." 24) In summary, the major findings of the present study are that SRB reduced intimal thickening by inhibiting the proliferation of VSMCs and by slightly lowering serum lipid levels in carotid artery injured by balloon endothelial denudation in cholesterol-fed rats (Fig. 7) . The intimal thickening model after denudation is considered to be "accelerated atherosclerosis." 25, 26) These results suggest the potential for using SRB as a clinical therapeutic strategy in atherosclerosis prevention. However, additional research in spontaneously hypertensive rats is needed to extend our understanding of how hypertension stimulates intimal thickening. Studies on the cellular and molecular mechanisms of the effects of SRB on the migration and cell cycle of VSMCs are in progress.
